I. INTRODUCTION
T HE study of the generation and the progression of atheroma is of critical importance, since cardiovascular diseases are the most common cause of death in westernized societies [I] .
Atherosclerosis is a vascular disease associated with the accumulation of lipids leading to the invasion of leukocytes and smooth muscle cells into the intima, a process which may lead to the formation of plaque on the wall of arteries and vessels.
The generation of atheroma is directly related to blood flow in arteries, as well as to its interaction with the arterial wall. Therefore, the simulation of arterial blood flow is crucial so as to draw conclusions on the effect of Wall Shear Stress distribution on the development of atheroma. 978-1-4244-6561-3/10/$26.00 ©201 0 IEEE In the current literature, two ways to simulate arterial blood flow are reported. The first method to simulate blood flow is when the interaction between blood flow and the arterial wall is not taken into account and the arterial wall is considered to be rigid [2] - [7] . These simulations require only the reconstruction and discretization of the arterial lumen, resulting thus to relatively fast simulations with adequately precise results.
The second method is when this interaction is taken into account and the use of Fluid Structure Interaction (FSI) models is unavoidable [2] , [8] - [18] . Both the lumen and the wall of the artery need to be reconstructed and discretized in order for the simulations to be performed. The use of such models is very demanding in computational resources but simulates blood flow more accurately. Surface loads are applied on the arterial wall by the blood flow which causes the deformation of the wall. The arterial wall tends to return to its initial state, thus affecting blood flow. 
Normal stresses Fluid domain
In this study, we perform transient simulations on a 3-dimensional model of a stenosed patient-specific right coronary artery as well as on a second arterial model on which we have performed a revascularization process (PCA). We examine the effects of geometry on WSS distribution, as well as wall displacement and areas of low WSS (0-2 Pa) on the two models and we quantify the effects of the revascularization process on the artery. 
B. Blood domain
When using FSI models in simulations, the fluid domain, which in this case is blood, is deformable. The equation of momentum conservation which must be solved is:
where p is the blood density, v is the blood velocity vector, w is the moving mesh velocity vector, T is the stress tensor and fB are the total body forces. The stress tensor is calculated by:
The two domains form a coupled mechanical system through displacement compatibility and traction equilibrium as it is shown in the following equations: (5) ds =d J (X,y,Z)E �s/ nr;'s/' (6) The solid and the fluid stresses which act on the common surface of the two domains must be in equilibrium as it is shown in (5), whereas the common surfaces of the two domains should have the same displacements as it is shown in (6).
E. Boundary Conditions
Regarding the blood domain, three boundary conditions were applied for our simulations. For the inlet, a volumetric flow rate is applied as shown in Fig. 3 . The simulations are performed for a duration of 0.75 seconds which represents a full cardiac cycle. The time step size is 0.05 seconds leading to 16 time steps. At the wall, a no-slip boundary condition is applied, whereas for the outlet, a zero pressure boundary condition is applied, respectively.
At the arterial wall domain, the distal ends of the artery are assumed as fixed supports to restrain the free motion of the artery as it is shown in Fig. 4 . "
where � j is the Kronecker delta, fJ is the blood dynamic viscosity, p is the blood pressure and £; j is the strain tensor which can be calculated by:
In our study, blood was considered to be Newtonian, with density p=1060 kg/m 3 and dynamic viscosity fJ=0.0035 Pa s.
C. Arterial Wall domain
The governing equation of the solid domain is the following momentum conservation equation: (4) where T, is the arterial wall stress tensor, fs 8 are the body forces per unit volume, Ps is the arterial wall density and lis is the local acceleration of the solid. The arterial wall is assumed to be linear elastic with density p equal to 1065 kg/m 3 , Poisson's ratio v equal to 0.49999 and a Young's modulus of 1.5 GPa. 
F. Segments o/the arterial geometry
The reconstructed 3D models are discretized into finite elements. The arterial lumen is discretized into 674000 hexahedral elements, whereas the arterial wall is discretized into 630000 tetrahedral elements as it is shown in Fig. 5 . 
III. RESULTS
We perform transient simulations on the two 3D models obtaining results on WSS distribution, wall deformation, as well as areas of low WSS (0-2 Pa). Fig. 6 shows WSS distribution at the two models at the same time instance (0.75 seconds). We can see from the two images that the artery which has sustained a PCA presents a smoother distribution of WSS throughout its length. Fig. 7 shows the areas of low WSS (0-2 Pa) at the end of the cardiac cycle (0.75 seconds) for both models.
The area at which angioplasty was virtually performed, exhibits low WSS values (0-2 Pa), whereas the rest of the artery presents areas of low WSS approximately at the same positions with the stenosed one. 8 shows the deformation of the arterial wall at the same time instance for both models. The minimum values of deformation are, as expected, at the inlet and outlet of the arteries due to the applied boundary conditions.
The maximum values of deformation are observed relatively close for the two models at half of the length of the artery. Fig. 9 shows the displacement of the internal arterial wall at the end of the cardiac cycle (0.75 seconds) for both models. Finally, Table presents the results on the average WSS of the internal arterial wall for the two models, as well as the total area of low WSS (0-2 Pa) at the end of the cardiac cycle (0.75 seconds). As it is seen from the results, the total area of low WSS is approximately 5.6% increased in the case of the artery on which PCA was performed. 
IV. DISCUSSION
We performed transient analyses on a 3D patient-specific stenosed right coronary arterial model and on a second model on which a virtual revascularization process (PCA) was performed. Our results reveal that the revascularization process has a positive effect on the normalization of blood flow in the artery at which it is performed. The distribution of WSS was relatively smoother at the second model. However, as shown in Fig. 7 , the area of the treated stenosis exhibits low values of WSS which can be considered as an indication of possible future restenosis.
The validation of our models is going to be made with MRI measurements of blood velocity. Also, different sets of boundary conditions, as well as several material models for the arterial wall will be used in our simulations for our future work in order to determine the model that best represents the real artery.
